Introduction
Premating behaviour of bum blebee males has been studied for a long time by different authors. The species can be classified into three main groups according to this behaviour, as species ex hibiting 1) patrolling behaviour (males establish flight paths with scent marks on prom inent objects and fly along these routes awaiting the appearance of females, attracted by a pherom one), 2) perching behaviour (males wait at prom inent objectsperches -and dart at passing virgin queensgynes -or other objects that resemble them ), and 3) nest-waiting behaviour (males wait for em erg ing gynes at a nest entrance) (Schremmer, 1972; Lloyd, 1981; Bergman, 1997; Hovorka et al., 1998) . The patrolling behaviour is the far most common type of premating behaviour among the bum ble bee and cuckoo-bumblebee species. The types of behaviour ad 1) and 2) are accompanied by scent marking either of several spots on a flight path (patrolling type, Bergström et al., 1981) or of a perch (perching type, Hovorka et al., 1998) . This pheromone is produced by a pair gland in the head, the cephalic part of the labial gland (Kullenberg et al., 1973; Bergman and Bergström, 1997) . In the species exhibiting the nest-waiting behaviour, m ales' labial gland contains typical compounds known for male-marking pheromone, too . However, it is uncer tain whether these compounds are used by the nest-waiting males for scent marking (Bergman, 1997; Lloyd, 1981) .
The composition of the m ales' marking signal is species-specific (Bergström et al., 1981) . The com pounds used by the bumblebee and cuckoo-bumblebee males for scent marking are of two types. First type represent long-chain (C 12-C2o) aliphatic alcohols, aldehydes, and methyl or ethyl esters of fatty acids. Second type of compounds form acy clic mono-, sesqui-and diterpenic alcohols or alde hydes. The labial gland secretion is always a mix ture of compounds, usually a very rich mixture of components. Chemodiversity in different bumble bee species is accomplished by different chain length, different degree of unsaturation (one or more double bonds) or by different double bond positions in unsaturated aliphatic pheromone components. Quantitative differences in composi tion also contribute to distinguishing among the species. Typical compounds used by the bumble bee and cuckoo-bumblebee males for scent m ark ing are summarised in the recent review (Valter ovä and Urbanovä, 1997) .
Bom bus pom orum Panzer, 1805 is distributed in Europe from Belgium on west and Denmark on north through the whole Europe to the Southern Ural. There is one uncertain record from Sweden (L0ken, 1973) . Males of the species B. pom orum exhibit patrolling behaviour. This species prefers steppe habitats without trees and bushes, where males patrol at the height of herbs -approxi mately 30 -8 0 cm above the ground (Krüger, 1951; Haas, 1949 ; our own observation).
Patrolling behaviour of B. pom orum is similar to other patrolling bumblebees. Their patrolling routes usually measure from several tens to sev eral hundreds meters. Males were also observed to mark grass stems on their route during first m orn ing flight. No characteristic scent could be recog nised by hum an observer (Haas, 1949 ; our own ob servation). The chemical composition of the labial gland secretion of the species B. pom orum has not been studied before. The purpose of our study was to analyse these secretions obtained from a series of males collected in the Czech territory and to describe its composition in detail.
Material and Methods

Insects
Males (22 individuals) of the bumblebee species Bom bus pom oru m were collected in summer sea sons 1994-1999 in the Czech Central Mountains (elevation 510 m, map field code 5548). The insect material is deposited in the collection of one of the authors (O. H.). For the chemical analysis, the collected living insects were transported to the laboratory and then kept in the freezer until the labial glands were dissected. The dissected glands were extracted with hexane (50 fj.1 per gland). A f ter 15 minutes of shaking and 2 h standing in the refrigerator, the hexane extract was filtered off and stored in a freezer before analysis. Each sam ple was analysed separately without further con centration step.
For the analysis of cuticular hydrocarbons, m ale's abdom en was washed with hexane (3 x 200 (il). The solution was concentrated carefully at room tem perature to the volume of 20 ^il prior to the GC-MS analysis.
Chemical analyses
The extracts were analysed using a gas chrom a tograph with a splitless injector (200 °C) and a mass detector (Fisons MD 800), working in elec tron impact ionisation mode. A DB-5 ms column (30 m x 0.25 mm, film thickness 0.25 jim, J& W Scientific) and helium gas (flow 0.55 ml/min at 50 °C) were used for the separations. The tem per ature program started at 60 °C (1 minute delay) after which the tem perature of the oven was increased to 280 °C at the rate of 10 °C/min. The identification of compounds was based mostly on their mass spectra com pared to those in the Na tional Institute of Standards and Technology Li brary (NIST, U. S. A.) and on the co-chrom atogra phy with synthetic or commercially available standards.
The double bond positions were determined from mass spectra of dimethyl disulphide (DM DS) adducts of unsaturated components. The DMDS adducts were prepared using a modified published procedure (Attygalle et al., 1993) . The reaction time was shortened to 4 h which enabled obtaining monoadducts of the dienes present in the extracts. The monoadducts formed were easier to detect in the mixture. The products were analysed by GC-MS using the same tem perature program as for original extracts. The double bond configurations in unsaturated hydrocarbons were determined from infrared spectra m easured on Bruker IFS-88 instrum ent in a KBr m icropellet (1.5 mm diam e ter). The elution order of the isomers of unsatu rated fatty acids methyl esters was determined from the analogy with the literature data (Christie, 1988; Stränsky et al., 1997) .
Results
Extracts of the labial glands of B. pom orum males consisted of 70 com ponents (Table I ). The main part of the extracts of all males formed un branched aliphatic hydrocarbons. The sum of hy drocarbons in different specimens varied from 85% to 100%. Hydrocarbons with odd number of carbon atoms predom inated over those with even num ber of carbons. No terpenic compounds were detected in the samples of any male studied. Some individuals produced very small amounts (< 0.1%) of methyl and ethyl esters of fatty acids (C6-C18) and hexadecanol. Two samples contained traces of nonanal and decanal. In Table I , mean values for the secretion compo nents are given together with standard deviations. It can be seen from these values that the variations between individuals are rather large (standard de viation value often exceeds the mean value). This is true especially for the esters of fatty acids that were present in few samples only. Therefore, the median value is given in the Table I , too. The com parison of the mean and median values gives a better picture of the characteristic peaks present in the secretion and of the variations in its compo sition among the individuals.
The double bond positions in unsaturated secre tion components were determ ined wherever it was possible. The very low proportions of some com ponents did not allow the determ ination of the double bond position in these compounds. Most of the compounds had double bonds in positions 7 or 9 which is also the most frequent case in the bumblebee secretions of other species examined so far. In alkadienes that were more abundant, we were able to find DMDS adducts and to determ ine the double bond positions. In the very long-chain alkenes (C27 -C31), a mixture of isomers was found and their proportions were determ ined from char acteristic fragments in mass spectra of the DMDS adducts. The configurations of the double bonds, as determined from infrared spectra (presence of stretching =C-H at 3005 cm -1 and absence of the band 965 cm -1, which is intensive and typical for E-isomers), were Z in all cases.
For comparison, cuticular hydrocarbons from a m ale's body were analysed (Fig. 1) . As can be seen from Fig. 1 , the profile was different from that in the labial gland extract. Saturated hydrocarbons strongly dom inated in the mixture of cuticular hy drocarbons (13% tricosane, 39% pentacosane, 16% heptacosane, 6% nonacosane, 2% hentriacontane, 0.5% tetracosane and hexacosane, i.e. 77% in sum), while m onoenes and dienes formed only its smaller part (20% alkenes and 3% alkadienes).
Discussion
In spite of the fact that B. pom orum belongs to the patrolling species, their labial gland secretion did not contain compounds that are normally found in other patrolling bumblebee species (terpenes or larger amounts of aliphatic esters, alco hols, or aldehydes; Valterovä and Urbanovä, 1997) . H ydrocarbons are always present in the secretion of bum blebee males, however, they nor mally form a smaller part of the secretion (3 -15%; Valterovä, unpublished results). Thus, the composition of the secretion of B. pom orum males is exceptional among bum blebee species studied so far. External calibration indicates that absolute amounts of hydrocarbons in the glands of B. p o morum are of the same range as in other bum ble bee species. It means that hydrocarbons in B. p o morum most probably do not replace those compounds that are in other species considered to be the active com ponents of the secretion.
Compared to so far studied bumblebee species, unusually large relative am ounts of alkadienes of the chain length C27 -C31 were found in the labial gland of B. pom orum (up to 12.4%) compared to 0.2% in B. confusus (H ovorka et al., 1998) . 7,17-Pentacosadiene was described as medium-abundant component (5% ) in another paper on B. con fusus (Kindi et al., 1999) . There are only few litera ture reports on the presence of alkadienes in the males' labial gland secretions. In Psithyrus vestalis, one of the main com ponents was icosadienal , incorrectly interpreted in one paper as henicosadiene (Valterovä et al., 1996) . However, the secretion of B. pratorum males' labial gland contains a substantial amount (up to 21%) of 7,17-pentacosadiene (Valterovä et al., unpublished results). The hydrocarbons present in the labial gland ex tracts are generally not considered to belong to the active components of the secretion. Bergman (1997) tested electrophysiological responses of queens B. terrestris to different com ponents of the m ales' labial gland secretion. He did not find any responses to hydrocarbons. In workers, Oldham et al. (1994) showed on several species (B. terrestris,  B. pratorum , B. pascuorum , and B. lapidarius) that the same hydrocarbons as found in the D ufour's gland dominated in the epidermal cuticle of bum blebees. This is not the case with the labial gland of B. pom orum (Fig. 1) where different propor tions of saturated and unsaturated hydrocarbons have been found. Oldham et al. (1994) claims that the composition of cuticular hydrocarbons is spe cies-specific. It is in agreem ent with a generally accepted role of cuticular hydrocarbons in re cognition.
The atypical pattern of the labial gland secretion of B. pom orum may be connected with the unusu ally late occurrence of reproductive individuals of this species in the season (late August/September), time when most other bumblebee species have al ready finished their mating activities. Although la bial glands of males of B. pom orum contained pre dominantly/only hydrocarbons, further research would be needed for understanding whether some of the hydrocarbons play a role in chemical com munication of this species.
